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Date FN/AN, Time: 3 Hrs, Full Marks 50, Deptt. Agril & Food Engg, 
No. of Students: 46, End Spring Semester Examination 2012-13, Sub. No. AG60302, 

Sub. Name: Advanced Thermal Operations in Food Processing 
M. Tech (FPE) + 4th Year Dual (AGFE) (26M. Tech+ 2 RS + 18 (Dual)) 

(STEAM TABLE will be supplied) 

Section A 
(Answer all questions) 

1. (i) What is the value of sensible heat factor for a pure latent heat transfer process 

(a) 0 (b) 0.4 (c) 1 (d) 1.2 

(ii) Which of the following offers negligible transport resistance during the constant 

rate period of drying for a porous food material? 

(a) capillary diffusion of water (b) vapour diffusion within the pores 

(c) gas phase transport of moisture (d) all of the above 

(iii) Which of the following types of nucleation is predominant in a continuous 

industrial crystallizer? 

(a) homogeneous nucleation (b) nucleation by attrition 

(c) contact nucleation (d) none · 

(iv) A supersaturated solution of sucrose contains 2.45 kg sucrose/kg water at 293 K. 

If the equilibrium saturation value is 2.04 kg/kg water, determine the super 

saturation ratio in terms of kg/kg water 

(a) 1.02 (b) 1.34 (c) 1.20 (d) 2.12 

(v) A sample of humid air has an absolute humidity of 0.01 kg/ kg dry air. What is 

the partial pressure of the water vapor if atmospheric pressure is 101.3 kPa 

(a) 0.54 kPa (b) 1.28 kPa (c) 1.60 kPa (d) 1.82 kPa 

[1 X 5 = 5] 

2. (i) A solution of potassium dichromate in water contains 13% by weight. 640 kg of 

water is evaporated from 1000 kg of this solution. The remaining solution is cooled 

to 20°C. Calculate the amount and percentage yield of potassium dichromate 

crystals formed. Given: solubility at 20oC = 0.39 k mole/1000 kg water and Mol wt 

of Potassium dichromate= 294. 

(ii) What are the different steps in 1parboiling of paddy? Discuss each step briefly and 

enlist the advantages of this tre~tment to paddy. 
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(2.5 X 2 = 5] 

3. Moist air at 1 atm. pressure has a dry bulb temperature of 28°C and a wet bulb 

temperature of 22oC. Calculate a) the partial pressure of water vapour b) humidity 

ratio c) relative humidity d) dew point temperature e) density of dry air in the mixture 

f) density of water vapour in the mixture and g) enthalpy of moist air using perfect gas 

law model and psychrometric equations. (Steam table should be provided) 

[1 0] 

4. A continuous countercurrent dryer is being used to dry 453.6 kg dry granular food 

solidlh containing 0.04 kg total moisture/kg dry solid to a value of 0.002 kg total 

moisture/kg dry solid. The granular solid enters at 26.iC and is to be discharged at 

62.8°C. Heating air enters at 93.3°C having a humidity ofO.OlO kg H20/kg dry air and 

is to leave at 37.8°C. Calculate the air flow rate and the humidity at the outlet 

assuming no heat losses in the dryer. The heat capacity of dry solid is 1.465 kJ/kg dry 

solid. K which is assumed constant and that of liquid moisture is 4.187 kJ/kg H20. K. 

[10] 

5. (i) Explain the kinetics of convective heat flux with proper diagram during deep pan 

frying of 1.5 mm thick cassava chips fried at 160°C in palm oil. 

(ii) What are the different components of a flat plate solar collector? How different 

design parameters affect the performance of a solar collector. 

(iii) With the help of a solubility diagram discuss how different factors affect the 

nucleation rate during the process of crystallization. 

(iv) Discuss the main features of a single screw food extruder with a neat labeled 

sketch. 

[2.5 X 4 = 10] 

Hint Equations for Section A: 

_ . L8p&-t') . _ ( _ ) 
P - p - ' H G - cpm To To + H Ao 

v v 2700 

H s = Cps (T8 - T0 ) + XC pA (T8 - T0) ; C pm = 1.005 + 1.88H 

Gas constant of dry air= 287.035 J/kg. K and that of water vapour= 461.52 J/kg. K 

h = 1.005t + W(2501 + L.88t )kl I kg 
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Section B 

Question 1 is compulsory 

Q.l One-killogram of instant dosha mix powder with initial moisture content of 12.0%(db) 

is packed in double layered package consists of inner layer polythene and outer layer 

cellophane. The size of the package is 200 x 150 mm and thickness of 0.1 mm for each 

film. The dosha mix is hygroscopic in nature and its MSI followed BET equation and 

the values of M 0 and C were estimated to be 4.1 %(db) and 2.9, respectively at 30°C. 

Calculate the moisture gain in the mix after 3 month of storage at 30°C and 85% RH 
(invariant). Consider the water vapor permeability of polythene and cellophane are 6. 7 x 

10-11 and 5.6 x to-8 m3(STP) mm m-2 s-1 atm-I, respectively. [10] 

[Hint: take the partial pressure gradient for' moisture inside and outside the package as 

constant for the entire period] 

OR 

(a) An evaporator is concentrating F kg s-1 of a pulpy tomato juice entering at 293 K. It is 
concentrated from 20 to 50% (w/w). Saturated steam used for heating is at 399.3K. The 
pressure in the vapor space of the evaporator is 13.3 kPa absolute. The overall heat 

transfer coefficient is 1.420 kWm-2K-1 and the area for heat transfer is 86.4m2
. The 

boiling point rise in the solution is 3 K. Calculate 

(i) boiling temperature of the solution in the evaporator 

(ii) total heat transferred from steam to the boiling liquid (k W) 

(iii) feed rate into the evaporator 

(iv) steam economy 

Given the relationship for steam/water and the solution as: 

5217.635 
ln p (kPa) = 18.6556- ( ) ; ..i(kJ I kg)= 2502.4- 2.402T 

T+273 

Hs(kJ I kg)= 2502.4 + 1.776T; C p(kl I kg K) = 4.19- 2.19x 

p is vapor pressure of water/steam; A, is latent heat of vaporization; H5 is specific 

enthalpy of steam/water vapor; Cp is specific heat of solution; T is temperature in °C; X 

is weight fraction of solute in the solution. 

[2 X 4 =8] 
(b) If 10 K super heat steam at 267.3 kPa is condensing in the calendria, what would be the 

change in feed rate and steam economy. 
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